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AhR Ligands, Malassezin, and Indolo[3,2-b]Carbazole
are Selectively Produced by Malassezia furfur Strains
Isolated from Seborrheic Dermatitis
George Gaitanis1,3,5, Prokopios Magiatis2,5, Konstantina Stathopoulou2, Ioannis D. Bassukas3,
Evangelos C. Alexopoulos4, Aristea Velegraki1,6 and Alexios-Leandros Skaltsounis2,6
Malassezia yeasts are connected with seborrheic dermatitis (SD) whereas M. furfur pathogenicity is associated
with the production of bioactive indoles. In this study, the production of indoles by M. furfur isolates from
healthy and diseased skin was compared, the respective HPLC patterns were analyzed, and substances that are
preferentially synthesized by strains isolated from SD lesions were isolated and characterized. Malassezin,
pityriacitrin, indole-3-carbaldehyde, and indolo[3,2-b]carbazole (ICZ) were isolated by HPLC from extracts of
M. furfur grown in L-tryptophan agar, and identified by nuclear magnetic resonance and mass spectroscopy.
Of these, ICZ, a potent ligand of the aryl hydrocarbon receptor (AhR), is described for the first time to our
knowledge as a M. furfur metabolite. HPLC-photodiode array detection analysis of strain extracts from 7 healthy
subjects and 10 SD patients showed that M. furfur isolates from only SD patients consistently produce
malassezin and ICZ. This discriminatory production of AhR agonists provides initial evidence for a previously
unreported mechanism triggering development of SD and indicates that the variable pathogenicity patterns
recorded for M. furfur-associated SD conditions may be attributed to selective production (Po0.001) of
measurable bioactive indoles.
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INTRODUCTION
Seborrheic dermatitis (SD), its mild variant dandruff (DF), and
pityriasis versicolor are common skin diseases and conditions
that are unequivocally associated with Malassezia yeasts.
The pathogenesis of disease-specific skin lesions remains
indistinct, due to the complex biology of these yeasts
currently comprising 10 anthropophilic and 3 zoophilic
species, with distinct biological and immunological proper-
ties (Ashbee, 2007).
Thus far, the Type strain M. furfur ATCC 14521
(Centraalbureau voor Schimmelcultures (CBS) 1878) is
known to produce, besides 20 indole derivatives, malassezin
when L-tryptophan is the single nitrogen source in the culture
medium (Mayser et al., 2002; Kra¨mer et al., 2005a, b).
Malassezin induces apoptosis in cultured human melano-
cytes through activation of the aryl hydrocarbon receptor
(AhR) (EC50¼1.57 106 M), and it was suggested (Kra¨mer
et al., 2005b) that it could be easily converted to the potent
AhR ligand indolo[3,2-b]carbazole (ICZ) (EC50¼2.6
107 M), although no In Vitro or In Vivo synthesis of ICZ
has been detected in any skin commensal or pathogen.
Interestingly, synergism of malassezin with the other indoles
is considered responsible for the clinical aspects of pityriasis
versicolor as is hypopigmentation, resistance of pityriasis
versicolor lesions to UV radiation (pityriacitrin) (Mayser et al.,
2002), and downregulation of the inflammatory response
(pityriarubins) (Kra¨mer et al., 2005a).
The current hypothesis for SD/DF pathogenesis associates
individual susceptibility with the penetration of irritating
Malassezia metabolites, such as oleic acid, through a
defective epidermal barrier (DeAngelis et al., 2005). This is
further supported by the nonspecific immune response to
Malassezia yeasts (Faergemann et al., 2001) and the similar
Malassezia counts in SD patients and controls (Bergbrant,
1995). However, this hypothesis does not fully account for
the occasional confinement of lesions either in the chest or
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mid-eyebrow areas, or the increased prevalence of SD under
intense UV exposure in patients treated with psoralen plus
ultraviolet light A (Tegner, 1983) and in mountain guides
(Moehrle et al., 2000). Consequently, the implication of some
tryptophan-derived compounds, such as malassezin and ICZ,
in the pathogenesis of M. furfur-induced dermatoses and
their association with the AhR activation warrants further
attention.
This study tests if AhR ligands are produced by allM. furfur
isolates, regardless their commensal or pathogenic status.
Consequently, it was investigated whether these bioactive
indoles are consistently produced and detected in HPLC
pattern analyses from multiple and independently prepared
extracts at significantly assessable quantities using fresh,
reference, and clinical wild-type M. furfur isolates from
healthy subjects and SD patients. Subsequent isolation and
characterization of compounds provided evidence that
bioactive indoles that are AhR agonists are selectively
produced by M. furfur isolates from SD patients.
RESULTS
All M. furfur isolates from SD skin showed rapid and
confluent growth in L-tryptophan agar, whereas growth of
M. furfur isolates from healthy skin was slow and week, with
minimal pigmentation, as previously recorded for one healthy
skin isolate tested, M. furfur CBS 6094 (Mayser et al., 2004).
Therefore, all M. furfur viable counts from healthy and
diseased skin were recorded in Dixon’s agar, as growth in
this medium was homogeneous and colony-forming units
were consistent with the spectrophotometrically adjusted
inoculum.
Comparison of the HPLC chromatograms (Figure 1)
showed marked quantitative and qualitative differences in
the extracts of strains isolated from diseased and healthy skin.
The compounds under investigation corresponding to peaks
with important quantitative differences were isolated mainly
using preparative HPLC. Subsequent nuclear magnetic
resonance (NMR) and mass spectroscopy revealed that the
peaks corresponded to malassezin, ICZ, indole-3-carbaldehyde,
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Figure 1. HPLC chromatograms at 332 nm of extracts from: (a) a M. furfur strain from diseased skin (CBS 7984) and (b) from a strain isolated from healthy
skin (GS2A). A: indole-3-carbaldehyde; M: malassezin; ICZ: indolo[3,2-b]carbazole; P: pityriacitrin.
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and pityriacitrin (Figure 1). Pure malassezin, pityriacitrin, and
indole-3-carbaldehyde were isolated from the DF isolate
ATCC 14521, as previously described (Wille et al., 2001;
Irlinger et al., 2005), whereas ICZ was isolated from the
animal isolate CBS 7985. Identification of these compounds
in the 17 M. furfur clinical strains, comprising three reference
and seven wild-type strains from SD and seven wild-type
strains from healthy individuals, was performed by coinjec-
tion of pure compounds and comparison of their UV spectra.
The UV absorption intensities at 332 nm were calculated
under the same extraction and chromatographic conditions
(Table S1).
The AhR ligands malassezin and ICZ were produced at
statistically significant quantities (Po0.005) by all 10
M. furfur strains isolated from SD skin compared to strains
isolated from healthy skin (Figures 2 and 3). This difference
was consistent in all strains and in all sets of independent
experiments and cannot be attributed to the intervention of
L-tryptophan photoproducts, as all incubations were per-
formed in the dark and experimental conditions were
identical throughout.
ICZ was practically not detectable in extracts from healthy
skin isolates (Figure 1). By contrast, the UV-filtering indole
pityriacitrin was detected in all strain extracts. It is
noteworthy that pityriacitrin was detected in significant
quantities in all SD strain extracts (Po0.001). Indole-3-
carbaldehyde was detected in all strains, although increased
levels were detected in the SD-associated M. furfur isolates
(Po0.001).
DISCUSSION
Our data provide for the first time to our knowledge evidence
of an association between the SD origin of M. furfur strains
and increased In Vitro production of the AhR ligands
malassezin and ICZ at statistically significant levels
(Po0.005; Figures 1 and 2). Despite the small number of
patients tested, this observation was consistent and the results
reproducible in multiple independent measurements of all SD
strain extracts, compared to control M. furfur isolates from
healthy skin.
As noted before (Kra¨mer et al., 2005b), the DF isolate,
Type strain ATCC 14521, did not consistently produce ICZ.
Additional screening of pityriasis versicolor and DF M. furfur
isolates revealed production of malassezin, ICZ, and pity-
riacitrin (data not shown) as well as a definite interstrain
variability in the quantitative and qualitative synthesis of
indole derivatives. In this study, four more compounds were
detected at higher concentrations in M. furfur isolates from
SD patients compared to those from controls (Po0.003),
which are currently under investigation. This finding justifies
testing a large wild-type M. furfur population isolated from
diverse clinical conditions.
Thus far, only the In Vitro synthesis of malassezin (Wille
et al., 2001) and presently ICZ has been demonstrated.
Therefore, a laborious analysis of a large skin scale biomass
to trace these compounds by a reliable method (Fritsche
et al., 2007) may be necessary to support SD development
after in vivo AhR activation. Indeed, in transgenic mice,
constitutive activation of the AhR pathway results in the
development of inflammatory skin lesions (Tauchi et al.,
2005). In SD, the lipophilic malassezin and ICZ could cross
the defective epidermis (DeAngelis et al., 2005) reach the
granular and spinous layers, and activate the AhR (Wanner
et al., 1995). Subsequent downregulation of the high-affinity
EGFR (Greenlee et al., 1985) could trigger SD (Graves et al.,
2006).
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Figure 2. Mean UV absorption intensities. Comparison of the mean UV
absorption intensities of malassezin, ICZ, and pityriacitrin at 332 nm recorded
under the same HPLC chromatographic conditions in M. furfur strain extracts
prepared under the same conditions and isolated from healthy (white) and SD
(gray) skin. Bars represent the 95% confidence intervals for means.
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Figure 3. Chemical structures of ICZ and malassezin.
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Interestingly, SD is not exclusively associated with
M. furfur, as this species is isolated from SD lesions at rates
ranging from 6.5% (Tajima et al., 2007) to 21% (Ashbee,
2007). However, In Vivo production of indole derivatives
may not be restricted to M. furfur, as this pathway has been
recently identified in Candida glabrata, suggesting its wider
distribution among yeasts and thereby confirming its bio-
logical significance (Mayser et al., 2007).
In this study, the UV-protective pityriacitrin (Mayser et al.,
2002) was consistently observed in M. furfur isolates from SD
skin and controls although extracts of the former origin
contained pityriacitrin at significantly higher quantities
(Po0.001) (Figure 2). Generally, UV-protective mechanisms
are essential for survival under ambient sunlight. In view of
this, some Malassezia species produce melanin (Gaitanis
et al., 2005), whereas phylloplane yeasts produce the
UV-inducible mycosporins (Fonceca and Ina´cio, 2006).
In vivo conversion of L-tryptophan, which is present in sweat
(Hier et al., 1946), to pityriacitrin would benefit M. furfur,
whereas consumption of excess L-tryptophan for pityriacitrin
synthesis could directly favor the adjacent skin by ameliorat-
ing sunburn reaction (Larangeira de Almeida and Mayser,
2006) and indirectly by limiting the intracellular formation
of the potent AhR ligand 6-formylindolo[3,2-b]carbazole,
which is part of the UV response (Fritsche et al., 2007). By
contrast, the tyrosinase inhibitor indole-3-carbaldehyde
(Shimizu et al., 2003) probably represents an intermediate
compound in this metabolic pathway.
In conclusion, our data favor a pathogenetic model of SD
association with ICZ- and malassezin-mediated AhR activa-
tion, which to our knowledge is previously unreported.
Usage of appropriate experimental animal or tissue culture
models for studies on ICZ, malassezin, and AhR ligand
mixture (Okey, 2007), as well as surveys on indole
production by M. furfur isolates from lesional and healthy
skin from the same individual, could further expound the
complex host–commensal/pathogen interactions linking two
eukaryotes.
MATERIALS AND METHODS
General experimental procedures
NMR spectra were recorded on a Bruker DRX400, 1H-NMR
(400MHz), and a Bruker AC200, 13C-NMR (50MHz). High-
resolution mass spectroscopic spectra were obtained on an AEI
MS-902 mass spectrometer. Reversed-phase HPLC was performed
with a THERMO Finnigan SPECTRA system.
M. furfur strains and indole derivative synthesis
The Type M. furfur ATCC 14521 (CBS 1878) strain, the animal
isolate M. furfur CBS 7985, and 17 reference and clinical strains
(Table 1), identified by PCR-restriction fragment length polymor-
phism analysis (Gaitanis et al., 2006), were studied for pigment
production when grown on L-tryptophan agar, as previously
described (Mayser et al., 1998). Briefly, sterile filtered L-tryptophan
(Sigma, St Louis, MO) was added to a concentration of 0.5% w/v in
medium sterilized and cooled to 50 1C consisting of 3% v/v Tween
80 (Sigma), 2% w/v agar no. 1 (Oxoid, Basingstoke, UK), 0.005%
cyclohexamide, and 0.0005% chloramphenicol.
All Malassezia strains are deposited in the Hellenic National
Collection of Pathogenic Fungi (World Data Centre on Microorga-
nisms member type ID 2023) in the Mycology Reference Laboratory,
Medical School, National and Kapodistrian University of Athens;
institutional approval is not required for their use in experimental
projects.
Inoculum standardization
Inocula for quantitative cultures of all isolates were standardized by
modification of a previously described method (Velegraki et al.,
2004). Briefly, a loopful of each M. furfur culture was obtained from
Dixon’s agar plates and stock inoculum suspensions were prepared
in 10ml of 50% (v/v) sterile saline–Tween 20 (Sigma) containing
sterile glass beads 1.1–1.2mm in diameter (Sherwood, St Louis, MO).
After vortexing for 20 seconds to disperse Malassezia clumps, the
inoculum was standardized spectrophotometrically at 530 nm and
adjusted with the sterile saline–Tween 20 solution to a final
inoculum size of 4.0 103–5.2 103CFUml1, as validated by
viable colony-forming unit counts in Dixon’s (Velegraki et al., 2004)
and L-tryptophan agar plates.
A 1ml volume of standardized inoculum from each strain
suspension was spread in each of 10 L-tryptophan plates. Inoculated
plates, as well as L-tryptophan plates with no inoculum (negative
growth controls), were incubated at 32 1C for 14 days in the dark.
The M. furfur CBS 7985 was tested as a positive control on each
experimental condition and was not included in the statistical
analysis.
Table 1. M. furfur strains included in the study
Strain code Disease Isolation site
ATCC 14521 (CBS 18781) Dandruff
CBS 79852
CBS 7984 SD Not specified
CBS 9580 SD Not specified
IP1363-80 SD Not specified
B13 SD Face
B15 SD Presternal area
B21 SD Face
B22 SD Scalp
B28 SD Face
B412 SD Scalp
GS1B Healthy Midscapula
GS2A, GS2B3 Healthy Forehead midscapula
GS4A Healthy Forehead
GS9A, GS9B3 Healthy Forehead midscapula
GS19A SD Forehead
GS46B Healthy Midscapula
SD, seborrheic dermatitis.
1Centraalbureau voor Schimmelcultures.
2Animal isolate.
3The isolates from the forehead are designated as A and from the
midscapula area as B.
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Statistical analysis
To compare indole production by M. furfur stains isolated from SD
lesions and healthy volunteers, a limited statistical analysis was
performed. Data are reported as the mean of UV absorption
intensities at 332 nm. The t-test for independent variable or the
Mann–Whitney U-test, where appropriate, was used to compare
the data between the two groups. Two-sided tests of significance
were measured in all cases.
Extraction and HPLC screening
The contents of 10 Petri dishes of each strain were cut into small
pieces and were extracted with ethyl acetate (200ml) for 24 hours at
room temperature. The solvent was filtered, washed with ddH2O
(200ml), dried with Na2SO4, and evaporated under reduced
pressure. A portion of the solid residue (1.0 g) was dissolved in
MeOH (1ml) and submitted to column chromatography using
Sephadex LH-20 (30 g; Sigma-Aldrich, St Louis, MO) with methanol
as eluent (250ml) as previously reported (Wille et al., 2001). The first
50ml corresponding to a fast-moving dark-brown zone was
discarded and the latter 200ml was pooled and evaporated to
dryness. A portion of the residue (100mg) was dissolved in
acetonitrile (10ml) and filtered. The filtrate was evaporated and
redissolved with acetonitrile giving a stock solution with a
concentration of 5mgml1. A portion of the stock solution (20 ml)
was submitted to analytical HPLC (Lichrosorb RP-18, 5mm,
250 4mm) using a gradient system from 100% H2O to 100%
acetonitrile in 60minutes, with flow 1mlmin1 and UV detection at
332 nm.
Extraction and isolation
Malassezin, indole-3-carbaldehyde, and pityriacitrin were isolated
from the M. furfur strain CBS 1878. ICZ was isolated from the M.
furfur strain CBS 7985. Specifically, 150 Petri dishes of ATCC 14521
(CBS 1878) were cut into small pieces and were extracted with ethyl
acetate (3 l) for 24 hours at room temperature. Then, in both cases,
the solvent was filtered, washed with H2O, dried with Na2SO4, and
evaporated under reduced pressure. The solid residue was dissolved
in MeOH and submitted to column chromatography using Sephadex
LH-20 (30 g) with methanol as eluent, affording 70 fractions of 10ml
each. A portion of fractions 35–39 (20mg) was submitted to
preparative thin-layer chromatography with elution medium tolue-
ne–ethyl acetate–acetic acid (10:5:3) affording indole-3-carbalde-
hyde. Another portion of fractions 35–39 (40mg) was dissolved in
acetonitrile and further separated by preparative HPLC (column:
Nucleosil 100-7, RP-18, 7mm, 250 21mm) using a gradient system
from 100% H2O to 100% acetonitrile in 180minutes, with flow
5mlmin1. Malassezin was isolated at Rt¼ 112minutes and
pityriacitrin at Rt¼ 147minutes. In a similar way, ICZ was isolated
from the ethyl acetate extract of CBS 7985 after treatment with
Sephadex LH-20 and preparative HPLC. ICZ was isolated, using the
same chromatographic conditions, at Rt¼ 134minutes.
All the isolated compounds were identified and characterized
with NMR and mass spectroscopy and comparison with literature
values (Wille et al., 2001; Mayser et al., 2002; Irlinger et al., 2005).
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SUPPLEMENTARY MATERIAL
Table S1. UV absorption intensities of indole-3-carbaldehyde, malassezin,
ICZ, and pityriacitrin at 332 nm recorded under the same HPLC chromato-
graphic conditions in extracts of M. furfur strains prepared under the same
conditions and isolated from healthy and SD skin.
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